XTENSIVE areas of traumatic or neoplastic tissue
loss involving the face, scalp, skull, and dura present formidable problems in reconstruction. Direct closure of these wounds often proves impossible, and the surgeon must utilize one of a variety of reconstructive procedures. Split-thickness skin grafts are usually not sufficient to cover exposed cranium. When the wound includes loss of cranium, the problem is compounded by the risk of cerebrospinal fluid (CSF) leakage and subsequent infection. Local rotation of skin flaps is often sufficient if the extent of the wound permits use of this method. Pedicle flaps have also been used, but require multiple operations carried out over long intervals.
The development and refinement of microvascular surgical techniques has led to the use of heterotopic transfer of free revascularized grafts to cover distant areas of the body that are devoid of skin and subcutaneous tissue. We have previously reported our early experience with the use of latissimus dorsi musculocutaneous free flaps in the repair of large defects of the scalp, cranium, and dura following resection ofinvasive neoplasms or trauma. 3 This technique has provided adequate coverage and good aesthetic results, and has resulted in establishment of well vascularized tissue under which further bone reconstruction may be performed.
In certain clinical situations involving primarily softtissue loss, replacement by a free omental graft is, in our opinion, the procedure of choice. When the defect involves primarily subcutaneous tissue loss resulting in an abnormal contour, an omental free flap provides effective coverage and restoration of contour. In addition, the inherent capability of this tissue to combat infection and furnish an ideal bed for establishment of skin or bone grafts provides further indications for its use.
This report presents our experience with the use of omental free flaps to reconstruct gunshot wounds of the head, orbit, and face, to resolve chronic cavitating frontal sinus infections, to form a base over exposed dura for reconstruction of the skull with rib grafts, and to cover large defects after resection of invasive tumors or infected scalp.
Summary of Cases
Free revascularized flaps of omentum were first used at Emory University Affiliated Hospitals in 1974 and 1975 to revascularize split ribs placed as scaffolding to rebuild the maxilla in two patients who had suffered shotgun wounds. 5 Subsequently, the plastic surgeons at our institution have used these flaps for a variety of purposes, including reconstruction for hemifacial atrophy (Romberg's disease), reconstruction following jaw and neck tumor resections, and to provide coverage of the exposed irradiated carotid artery.
Free vascularized omental flaps have been used in nine patients to provide coverage for facial, scalp, and in some cases cranial and dural defects of neurosurgical interest. These cases, which are the subject of this report, are listed in Table 1 , with the indications for reconstruction and late complications.
Surgical Procedure
One day before surgery, the patient is placed on a clear liquid diet and the bowel is mechanically prepared. The abdomen, face, neck, and head are washed with Betadine solution the night before operation. Either a broad spectrum antibiotic or an antibiotic appropriate to the microbial flora of the wound is started by parenteral administration the night before the operation.
At surgery, an incision is made in the head or neck to isolate the vessels to be used for microvascular anastomosis. The incision will vary with the particular wound. Branches of the external carotid artery and internal or external jugular vein are preferred as recipient vessels. Normal vessels outside the field of previous resection, trauma, or radiation therapy are selected.
Simultaneous to exposure of the recipient vessels, a second team of surgeons, with separate instruments and scrub team, performs an abdominal exploration through a midline or transverse celiotomy. The omenturn is separated from the transverse mesocolon, proceeding from left to right, by dividing the translucent nonvascular attachments. The omental flap is usually based on the right gastroepiploic vessels since they are larger than those on the left and dissection in the area of the spleen is avoided. The omentum is then divided from the peripheral margin toward the gastroepiploic arcade at a point that would leave a suitable volume of tissue based on the right gastroepiploic vessels. The short gastric vessels are isolated, clamped, cut, and ligated, proceeding along the greater curvature of the stomach to the pylorus. The right gastroepiploic vessels are isolated, freed of surrounding fat, and dissected separately as artery and vein toward the gastroduodenal artery, thereby developing a vascular pedicle 6 to 10 cm long with a diameter of l 89 to 2 mm (Fig. 1) .
When the recipient vessels in the neck have been prepared, the right gastroepiploic artery and vein are clamped and cut and the omentum removed from the peritoneal cavity. The vessels are tied, and the abdominal wall, subcutaneous tissue, and skin closed.
Under the operating microscope the open proximal ends of the recipient vessels are held secure by microvascular clamps, and the adventitia is excised. The omentum is temporarily sutured in place and covered with a moist sponge. The gastroepiploic artery and vein are placed in microvascular approximating clamps after the adventitia is removed. Under magnification, endto-end anastomoses are made using interrupted sutures of 10-0 Prolene (Fig. 2) . Once the vascular anastomoses are completed, the clamps are removed. There should be immediate flow into the omentum, with a visible pulse in the gastroepiploic arcade.
Because no resorption of omentum occurs, it is necessary to trim all tissue and use only that amount necessary to reconstruct the wound. The vascular anatomy of the omentum permits the isolation of multiple F1G. 1. Exposure of the greater omentum through a midline celiotomy demonstrating vascular arcades and a long vascular pedicle. small flaps or fingers within the major omental graft to restore contour to the forehead, eyelids, cheek, lips, or scalp ( Fig. 2) . Any portion of the exposed omentum that cannot be covered with adjacent skin undergoes immediate grafting with split-thickness skin graft.
Illustrative Case Reports

Case 1
This 46-year-old woman had had breast carcinoma diagnosed in 1976 and was treated by mastectomy without radiation therapy. In 1978, she underwent a right pneumonectomy for lung carcinoma (a second primary tumor). In 1981, the patient developed a left hemiparesis and was found to have a right parietal tumor. Following craniotomy and excision of a metastatic carcinoma, she was treated with whole-brain irradiation and chemotherapy and made a good recovery. Initially the wound healed well, but following radiation therapy she developed an open draining wound with necrotic bone that failed to improve after multiple debridements (Fig. 3 left) .
It was thought that the patient was a good candidate for free-flap coverage of the nonhealing wound. Neither of the latissimus dorsi muscles was available for musculocutaneous free flap transfer. One had been denervated and devascularized during her mastectomy and the other divided during her thoracotomy. Therefore, 1 89 years following craniotomy the patient underwent a wide debridement of the fight parietal craniotomy wound and coverage with an omental free flap and split-thickness skin graft (Fig. 3 center) . One year following her reconstructive procedure the patient is doing quite well, with excellent wound coverage and without evidence of new metastatic disease (Fig. 3 right) .
Case 2
This man presented with a chronic open frontal sinus infection following trauma (Fig. 4 left) . Multiple attempts had been made to heal the wound, including a Montgomery procedure, which consists of packing fat into the sinus. After all else failed, the wound was again debrided and reconstructed with free revascularized omentum (Fig. 4 center) . The sinus was filled with omentum and closed, producing a good aesthetic result and a healed wound (Fig. 4 right) . 
Case 3
This 34-year-old man developed an infiltrating squamous-cell carcinoma at the site of a 20-year-old injury to his scalp (Marjolin's ulcer). At his initial operation, the t u m o r extended through the cranium and involved the outer layer of the dura and sagittal sinus. Although the dura was not resected, a wide resection o f the scalp and cranium was performed and free margins were obtained. The surgical defect was filled with a latissimus dorsi free flap and skin graft. The patient did well for 1 year following this procedure, but then developed a recurrence of his t u m o r that extended through the muscle flap.
At operation, the t u m o r was found to invade the dura, falx, sagittal sinus, and brain. The entire muscle flap was removed and the dura excised circumferentially around the sagittal sinus (Fig. 5 upper left) . Since size of the defect and the positioning of the patient, it was elected to use an omental free flap for reconstruction rather than another latissimus flap ( Fig. 5 upper  right) . The reconstructive effort provided excellent coverage of the wound (Fig. 5 lower) and the patient did well for the next several months. He ultimately died of tumor recurrence.
Case 4
This man suffered a gunshot wound to the infraorbital area and maxillary sinus, producing a large defect beneath the right eye (Fig. 6 left) . Split-fib grafts were used to reconstruct the floor of the orbit, and omentum was harvested to provide vascularization and subcutaneous tissue (Fig. 6 right) . The wound was filled with omentum and closed, with good results (Fig. 6 lower) .
Discussion
In planning any reconstructive surgery, the surgeon should utilize the simplest method that will provide adequate coverage and aesthetic results. The least complex means of repair on the "reconstructive ladder ''27 is direct closure. When direct closure is not feasible, primary reconstructions of smaller and intermediate scalp defects may be performed with a variety of adjacent scalp rotation flaps. With more extensive loss of scalp, local rotation flaps cannot provide adequate coverage.
Following loss of a large area of full-thickness scalp, including periosteum, the bare bone of the cranium requires coverage as soon as possible. Staged procedures are quite time-consuming. Often the outer table of the skull will have to be removed or perforated and time for granulation allowed before applying a flap. Distant flaps, examples of which are musculocutaneous and omental free flaps, represent the highest rung on the reconstructive ladder. Wounds of the face and head, especially those involving the cranium or dura, frequently require these more complex methods of reconstruction. A traumatic or surgical wound that includes cranial and/or dural loss is associated with the risk of a CSF leak, infection, and damage to the unprotected brain. Our experience with the use of latissimus dorsi musculocutaneous flaps for such wounds has been reported previously? In the majority of situations, when a distant composite flap is needed for reconstruction, the musculocutaneous free flap is ideal.
There are three basic uses for the omentum in reconstruction at a distant site: 1) to provide contour when there has been soft-tissue loss (in this circumstance, especially if the face is involved in the wound, a musculocutaneous flap is often too bulky); 2) to fill a cavitary wound and establish an appropriate defense against infection; and 3) to provide a vascular bed for grafts of bone and skin.
The greater omentum is a double layer of peritoneum that arises from the greater curvature of the stomach; it lies over the abdominal viscera, and folds posteriorly over the transverse colon. It is 24 to 25 cm long and 33 to 35 cm wide in the average adult. It is based on the right and left gastroepiploic arteries, which join to form the gastroepiploic arch. From the main arch, a variety of vascular arcades then distribute the blood throughout the omentum. ~ Alday and Goldsmith I and Das 8 have defined the vascular anatomy of the omentum. There are usually three main omental vessels that arise from the gastroepiploic arcade. These vessels are 1.5 to 3.0 mm in diameter, providing adequate size for microvas-cular anastomoses. The omental flap can be based on either pedicle and can be mobilized as a distant flap to reach as far as the knee, lower leg, elbow, or forearm. The greater omentum has a characteristic ability to repair defects through cellular proliferation, fibrous tissue formation, and adhesion production. It has a rich vascular and lymphatic supply which probably accounts for its ability to rapidly absorb exudate or edema fluid and combat infection. Although there has been some controversy as to the lymphatic supply of the omentum, it has been unequivocally established that there are lymphatics accompanying the blood vessels. 3~ Bacteria and carbon particles injected into the peritoneal cavity are removed by the omentum, as well as by lymphatics within the pelvis and diaphragm. Another major reason for the ability of omentum to cope with infection is probably related to the large number of macrophages within its areolar tissue. 9 The inherent ability of omentum to control infection and provide a vascular bed for skin or bone grafts is retained when omentum is used as an implant.
Surgeons have long recognized the qualities of omental tissue and have used it for a variety of purposes. It has been used as an intra-abdominal flap over an intestinal anastomosis, as a patch over a sutured perforated duodenum, and to cover esophageal anastomoses.t 8 The use of omentum as an extracelomic pedicled flap was pioneered by Kiricuta 25'26 who used the omentum to reinforce ureteral anastomoses and to repair vesical fistulas and defects of the pleura, bronchi, and chest wall. Other authors have also reported the use ofomentum for chest wall reconstruction. 1~ Goldsmith, et aI.,~5-~7 and Roberts 29 used omentum as a transplantation flap for palliation of lymphedema. Other uses of omental pedicled flaps include covering of major vessels or prostheses after radical resections, 13'14 breast 2 and perineal 4 reconstruction, revascularization of the lower extremities for peripheral vascular disease, 6'1 and treatment of angina pectoris. 12, 21, 32 Omental free flaps without revascularization have been used to treat obliterative arteritis of the lower extremities 19 and to aid in myocardial revascularization. 33 These flaps require a highly vascular recipient bed for success. With the advent of microvascular techniques the area of reconstruction was no longer limited to the arc of rotation of the vascular pedicle. Instead, the omentum may be removed from the abdomen, its vascular supply interrupted, and revascularization achieved by microanastomosis to vessels at the recipient site. In 1972, McLean and Buncke 28 first reported the free transfer of the omentum by microvascular anastomosis to repair a scalp defect. Others have since used omentum to cover denuded calvariafl 2 Heterotopic free transfer of omentum has also been used to cover facial bone grafts, 5 to repair large defects following ablative cancer surgery, and to reconstruct the face in patients with hemifacial atrophy (Romberg's disease), z4' 3~ ' 34 There are several advantages of omental transfer as a means of head and facial reconstruction: 1) the recon-struction is a one-stage procedure; 2) the omentum supplies missing subcutaneous fat with vascularized adipose tissue; 3) the vessels are sufficiently large for microanastomoses; 4) there is a long proximal pedicle with multiple branching arteries; 5) the vascular arcade is visible, allowing dissection and fashioning of small individually vascularized flaps without compromise of vascularity; 6) the omentum can be sculptured, contoured, and folded upon itself to be adapted to the specific reconstructive requirements; 3~,34 and 7) the omentum-augmented wound has a natural consistency.
There are some disadvantages of omental grafting that should be emphasized: 1) it is essential to find a suitable recipient artery and vein before abdominal exploration; 2) two operative teams are desirable, but not essential; 3) the split-thickness skin graft is not hairbearing, and when used on the scalp the patient must wear a hairpiece; 4) on exploration, the patient may have an inadequate volume of omentum for the reconstruction; 5) the size of the omental graft may fluctuate with weight gain and loss of the patient, as reported with a de-epithelialized dermis fat graft; v and 6) the potential exists for intra-abdominal complications of the laparotomy. Although we have experienced no complications related to the laparotomy, death from abdominal obstruction secondary to volvulus has been reported following the use of a pedicled omental transferfl ~ Careful reapproximation of the transverse mesocolon to the greater curvature of the stomach, as suggested by Hakelius, 2~ may prevent such a complication.
Summary
Greater omental free revascularized grafts have been used at our institution nine times in nine patients for reconstruction of defects of the head and face. These were difficult reconstructive problems, some of which would require multiple procedures by other techniques. We attribute our good results, in part, to the close collaboration between neurosurgeon and plastic surgeon. An omental free flap should be considered as an option in the armamentarium of reconstructive approaches for skull, dural, scalp, orbital, and facial wounds when a defect involves primarily subcutaneous tissue loss resulting in abnormal contour.
